This paper examines risk minimization hedging effectiveness for major storable and nonstorable agricultural commodity futures markets. Based on the error correction modelbivariate GARCH frameworks, some evidence is found that the hedging effectiveness is stronger for storable commodities than nonstorable commodities under consideration. The finding illustrates an important difference between storable and nonstorable commodities with regard to their hedging function.
Introduction
Two major economic functions of commodity futures markets are to provide a hedging (or risk transfer) mechanism and to contribute to the process of price discovery. To have economic merit, commodity futures markets must offer either one or both of these functions. Thus, the knowledge of how effective hedging function performs on commodity futures markets is essential to our understanding of these markets. Further, some authors have argued that the commodity futures markets with different storability characteristics may perform in different manners (e.g., Skadberg and Futrell, 1966; Peck, 1976 Peck, , 1985 Purcell and Hudson, 1985) . Unfortunately, little serious empirical work has been done to test the validity of this argument. Particularly, for livestock futures markets, their underlying assets typically are nonstorable commodities. Compared to the case of storable commodities, the hedging function has been emphasized much more than the price discovery function in these markets (Purcell and Hudson, 1985) . Surprisingly, effectiveness of the hedging function on these futures markets is still quite unclear (Skadberg and Futrell, 1966; Purcell and Hudson, 1985) . Thus, an important but long overdue question should be formally investigated: does the futures market for a nonstorable commodity (e.g., livestock) perform poorly in its hedging function compared to the futures market for a storable commodity? Some researchers (Skadberg and Futrell, 1966; Peck, 1976 Peck, , 1985 Purcell and Hudson, 1985) have presented related theoretical considerations supportive of such a suspicion. Many practitioners also did not use the livestock futures markets for hedging simply because they suspect the usefulness of the markets for that purpose (Purcell and Hudson, 1985, p. 331-332) . However, the widespread suspicion has not yet been subject to empirical verification. 1 This study seeks to provide an answer to the important question above. The difference in the risk minimization hedging effectiveness between nonstorable and storable commodity futures markets will be estimated and contrasted. Related to this study, Covey and Bessler (1995) and Yang, Bessler, and Leatham (2001) examined the issue of the perceived sharp difference between storable and nonstorable commodity futures markets in the price discovery function. By contrast, whether some difference might exist in the other function of futures markets (i.e., hedging function)
is an issue yet to be addressed. The main contribution of this study to the literature lies in that it is the first attempt to show (at least part of) the difference in hedging functioning between nonstorable and storable commodities. The organization of paper is as follows. Section II presents GARCH models. Section III describes the data and their time series property. Section IV presents empirical results from the analysis and finally, Section V contains the concluding remarks.
Methodology
The time-varying pattern of commodity price volatility is well documented in the literature Brorsen, 1992, 1993) . The GARCH effects of cash and futures prices are first examined in a univariate AR (k)-GARCH (p, q) model as specified below:
where is the return or the first difference of log price, k is the lag length, td represents the student's t density function with mean zero, variance , and degree of freedom , and p and q are lag lengths for the squared residuals and the conditional variance, respectively. Commodity 
where X t = in this study, CP stands for cash prices and FP nearby futures prices,
is the conditioning information set at time t-1, C is an upper triangular matrix, = is the conditional covariance matrix at time t.
There exist numerous parameterizations of the conditional covariance matrix in multivariate GARCH models (Engle and Kroner, 1995) . A popular specification is the diagonal specification which can be specified as follows:
where vech is a vector stacking operator, C is a symmetric matrix, and A and B are diagonal matrices. Baillie and Myers (1991) and Myers (1991) have used the diagonal bivariate GARCH (1, 1) to model cash and futures prices on the US agricultural commodity markets. This specification is appealing because it is parsimonious and its assumption that variances and covariance depends solely on past own history seems also intuitively plausible. However, the above diagonal representation has a severe drawback because the covariance matrix cannot be guaranteed to be positive definite. But we require that be positive definite for any sensible parameterization (Engle and Kroner, 1995) .
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Different from previous studies, the MGARCH model specification in this study is based on the BEKK specification in Engle and Kroner (1995) , which is sufficiently general and guarantees a positive definite conditional covariance matrix. Equations 2(a) -2(c) are estimated simultaneously by using maximum likelihood estimation procedure. Many researchers have recently used the Multivariate Generalized Autoregressive Conditional Heteroscedasticity (MGARCH) to estimate time-varying hedge ratios on commodity markets, including Baillie and Myers (1991 ), Myers (1991 , Steven (1992) , Bera, Garcia and Roh (1997) , Haigh and Holt (2000) , among others.
However, all commodities being considered in these studies are storable commodities and their focus is on estimation of the hedge ratio rather than hedging effectiveness. Though the hedge ratio and hedging effectiveness may be related to each other statistically in the multivariate GARCH model, they are conceptually different. Hence, the issue of different hedging effectiveness for nonstorable versus storable commodities has not yet been investigated.
Two measures are used in this study to gauge the hedging effectiveness of commodity futures markets. One measure is the time-varying conditional correlation, which can be computed as CC = (Darbar and Deb, 1997; Fleming, Kirby and Ostdiek, 1998) . Fleming, Kirby and Ostdiek (1998, p.113) argue that the cross-market conditional correlation of returns measures hedging benefits. Thus, if the conditional correlation between cash and futures markets for a nonstorable commodity is significantly lower than that for a storable commodity, it would suggest that the hedging effectiveness for a nonstorable commodity is poor relative to that for a storable commodity. The other measure is the variance reduction measure as used in Baillie and Myers (1991) and Kavussanos and Nomikos (2000) . The variance reduction is calculated by comparing the The results (not reported here) based on standard unit root test procedures show that each cash and futures price series is nonstationary in levels, but stationary in its first difference. The results in Table 1 show that each of the cash and futures prices exhibits GARCH effects. The finding extends the literature (e.g., Brorsen, 1992, 1993) in that GARCH effects are documented for all major nonstorable agricultural commodities. As mentioned earlier, previous studies focused on exploring major storable agricultural commodities. To determine if the models were correctly specified, a variety of diagnostic tests were conducted on the standardized residuals from AR (k)-GARCH model estimation. Ljung-Box Q tests show whether there is autocorrelation in the standardized residuals. Ljung-Box Q tests show whether there is autocorrelation in the squared standardized residuals.
ARCH tests show whether there is unexplained ARCH effect in the standardized residuals. The results (not reported here) confirm that the models were quite well specified.
2 Thus, we estimated bivariate ECM-GARCH models for each pair of cash and futures prices.
As reported in Yang, Bessler and Leatham (2001) , cash and futures prices for most of these commodities are cointegrated with the vector (1, -1). The significance of error correction terms verifies the necessity of imposing the cointegration constraint. Based on the estimation results of ECM-GARCH models, the conditional correlation is calculated between the cash and nearby futures prices for these commodities. In Table 2 we report the mean statistics for the estimated conditional correlations. The major interest is to compare the sample conditional correlation between storable and nonstorable commodities. The mean conditional correlations are much higher for storable commodities than for nonstorable commodities. Such a difference between storable and nonstorable commodities is obviously substantial, even though we do not offer a formal test here. In sum, we show some evidence that the risk minimization hedging effectiveness is stronger for storable relative to that for nonstorable commodity futures markets. Some caveats are in order to appropriately interpret the implications of our findings. One caveat is that this study limits itself to the risk minimization hedging effectiveness. Working (1962) pointed out that hedging might also be conducted with other purposes such as profit or return maximization. Thus, the hedging effectiveness conclusion in this study seems most applicable to a popular type of hedging, operational hedging. The success of operational hedging depends on the existence of a high correlation between changes in spot prices and changes in futures prices over short intervals -day to day and even within the day (Working, 1962) . Another related point is that even if the hedging/risk transfer function performs poorly on nonstorable commodity futures markets, it still may not make development of these markets unjustified. These markets may perform well in price discovery function, which can justify their economic merits. Yang, Bessler, and Leatham (2001) provides evidence for rather good price discovery performance in these nonstorable markets. Black (1976, p.176) argued that the big benefit from the futures market should be from its price discovery function rather than hedging/risk transfer function.
Conclusions
This study examines risk minimization hedging effectiveness for major storable and nonstorable agricultural commodity futures markets. Based on the error correction modelbivariate GARCH frameworks, the evidence shows that the hedging effectiveness is strong for all storable commodities but weak for all nonstorable commodities under consideration. The finding illustrates the great difference between storable and nonstorable commodities with regard to their hedging functioning. The findings may also improve understanding of the relative roles of hedging and price discovery functions performed by (nonstorable) livestock futures markets, which is important to effective use of these futures markets.
The finding carries some implications for users of futures markets, particularly nonstorable commodity (cattle, hogs, etc.) producers. Many did not use the livestock futures markets for hedging because they suspect the usefulness of the markets for that purpose (Purcell and Hudson, . If the use of commodity futures markets cannot effectively protect these livestock producers from price risk (and thus the income risk), they should proceed further along the line of some existing risk management alternatives (e.g., forward contracting and long-term marketing agreements). The finding is supportive of such a suspicion for live cattle but not for hogs. Note: "*"denotes significance at the 5% level. The department's research in these areas is part of the organized research program of the Delaware Agricultural Experiment Station, College of Agriculture and Natural Resources. Much of the research is in cooperation with industry partners, other state research stations, the USDA, and other State and Federal agencies. The combination of teaching, research, and service provides an efficient, effective, and productive use of resources invested in higher education and service to the public. Emphasis in research is on solving practical problems important to various segments of the economy.
The department's coordinated teaching, research, and service program provides professional training careers in a wide variety of occupations in the food and agribusiness industry, financial institutions, and government service. Departmental course work is supplemented by courses in other disciplines, particularly in the College of Agriculture and Natural Resources and the College of Business and Economics. Academic programs lead to degrees at two levels: Bachelor of Science and Masters of Science. Course work in all curricula provides knowledge of tools and techniques useful for decision making. Emphasis in the undergraduate program centers on developing the student's managerial ability through three different areas, Food and Agricultural Business Management, Natural Resource Management, and Agricultural Economics. The graduate program builds on the undergraduate background, strengthening basic knowledge and adding more sophisticated analytical skills and business capabilities. 
